Abstract -Waste management is often recognised in the society as an activity sector possessing an extensive potential harm on technogenic safety. As most of the European Union countries have experienced at least theoretical shift from waste management to resource management, it is now extremely important to implement this shift in practice, moving from disposing waste or by-products to developing a cooperation network that allows different industries to use each other's waste as resources. This shift will lead to saving of primary resources and raw materials and develop recycling and reuse, bringing them to a higher level.
I. INTRODUCTION
Taking into account the fact that environment stays an important issue globally and the fact that within European Union all member states have ambitious waste minimization targets to be achieved by 2016 and 2020, innovative approaches to solving long-term complex waste treatment problems are extremely required. This paper is a first step in offering a complex solution for waste management companies which results in shifting from waste management to resource management, thereby allowing attracting investments and developing a cooperation network in order to share the resources and enhance their secondary use.
Despite materials and energy exchanges having been a significant part of industry for centuries, focus on environmental attributes is much more recent. In a foundational article on industrial ecology, Frosch and Gallopoulos (1989) described the underlying notion of an "industrial ecosystem" in which "the consumption of energy and materials is optimized and the effluents of one process may serve as the raw materials for another process."
Definition of industrial symbiosis is the followingtraditionally separate industries in a collective approach to competitive advantage involving physical exchange of materials, energy, water, and by-products. The keys to industrial symbiosis are collaboration and the synergistic possibilities offered by geographic proximity" (Chertow, 2004; Hollen, 2014) . In other words, industrial symbiosis can be defined as the exchange of materials or waste streams between companies, so that one company's waste becomes another company's raw materials (Ellen Macarthur Foundation, 2015) . Software for linking industries:
− FaST (Facility Synergy Tool) -materials and energy flow data base;
− DIET -scenario analysis tool of various combinations of facilities; − REaLiTy -helps to sort out regulatory hurdles likely to be confronted depending on the actual materials chosen for exchange (Chertow, 2007; Adoue, 2010) . Within this paper, analysis is given of different most common types of currently existing industrial symbiosis and of the nuances of each of the identified types. Table I summarises the most common types of industrial symbiosis (Chertow, 2004; Chertow, 2010) .
TABLE I TYPES OF INDUSTRIAL SYMBIOSIS

Type of symbiosis Description
Through Waste Exchanges
Reuse of by-product -the exchange of firm-specific materials between two or more parties for use as substitutes for commercial products or raw materials. Waste exchanges formalize trading opportunities by creating hard-copy or online lists of materials that one organization would like to dispose of and another organization might need. The scale of trades can be local, regional, national, or global.
Within a Facility, Firm, or Organization Some kinds of materials exchange can occur primarily inside the boundaries of one organization rather than with a collection of outside parties. Large organizations often behave as if they are separate entities and may approximate a multi-firm approach to industrial symbiosis.
Among Firms Collocated in a Defined Ecoindustrial Park
Businesses and other organizations that are continuously located can exchange energy, water, and materials and can go further to share information and services such as permitting, transportation, and marketing. Type 3 exchanges occur primarily within the defined area of an industrial park or industrial estate, but it is also common to involve other partners "over the fence."
Among Local Firms That Are Not Collocated
Partners in this type of exchange need not be sited adjacent to one another but rather are located within a small geographic area, as in Kalundborg, where the primary partners are within roughly a 2-mile radius of each other. The exchanges draw together existing businesses that can take advantage of already generated material, water, and energy streams and also provide the opportunity to fill in new businesses based on common service requirements and input/output matching.
Among Firms Organized Virtually across a Broader Region
Given the high cost of moving and other critical variables that enter into decisions about corporate location, very few businesses will relocate solely to engage in industrial symbiosis. These exchanges depend on virtual linkages rather than collocation.
Safety of Technogenic Environment
The aim of this study is to perform a literature review regarding industrial symbiosis. It is based on a case study analysis as well as qualitative data analysis. As a result the author has identified the possibilities for industrial symbiosis in one of waste management companies, which is dealing with landfill management. A preliminary work on the development of an approach of applying industrial symbiosis to Latvian waste management companies in order to increase technogenic safety has been done.
III. CASE STUDIES
Denmark -Kalundborg Symbiosis
It is probably the most famous example of industrial symbiosis.
Kalundborg is a medium-sized Danish town that, since 1970, has developed a symbiotic relationship between public authorities and private companies to buy and sell waste, including steam, gas, water, gypsum, fly ash and sludge (Jacobsen, 2008) . This industrial park was established in the mid-1950s, starting the cooperation between two private companies, further on the municipality took part with district heating and the symbiosis started to grow, currently involving over 10 companies, which have developed a sophisticated cooperation network. The actors involved, have interconnections varying from 1 to 8. Average number of interconnections within resource sharing is 5 (Ellen Macarthur Foundation, 2015) .
The primary partners in Kalundborg, including an oil refinery, a power station, a gypsum board facility, and a pharmaceutical company, share ground water, surface water, wastewater, steam, and fuel, and they also exchange a variety of by-products that become feedstocks in other processes (Chertow, 2004; Harmsen & Powell, 2010) .
The benefits from this collaborative network include heat recovery equivalent to the annual electricity consumption of more than 75 000 families, avoiding 240 000 tons of carbon dioxide emissions and saving 3 million m 3 of water through recycling and reuse (Ellen Macarthur Foundation, 2015) . In addition, the achievements worth mentioning are reduced consumption of resources and a significant reduction in environmental strain. Waste exchange comprises some 2.9 million tons of materials each year, collective water consumption has been reduced by 25 % and the power station has reduced its water use by 60 % through recycling. The collaborating partners also benefit financially. Other benefits for industries are related to sharing of personnel, equipment and information (Saikku, 2006) .
Austria -Styria Recycling Network
A self-evolved industrial recycling network was discovered in the Province of Styria, Austria, by Erich Schwarz at KarlFranzens-Universität Graz. It is a complex network of exchanges among more than fifty facilities. Industries participating include agriculture, food processing, plastics, fabrics, paper, energy, metal processing, woodworking, building materials, and a variety of waste processors and dealers (Schwarz et al., 1997) .
Main driving forces for this symbiosis can be described as economic revenues from by-products and savings on landfill disposal costs. In some cases the by-products are less expensive or of higher quality than primary materials would be. Advantages that have been achieved within this cooperation are mainly in savings on raw materials, reduction of emissions and extension of landfill lifetimes (Saikku, 2006; Schwarz et al., 1997) .
Surprisingly, companies belonging to the recycling networks passed on a significantly lower percentage of waste products for recycling than companies in the general manufacturing sector (52 % for other companies compared with 39 % for the Styria network and 36 % for the Oldenburger Münsterland network) (Posch, 2010) .
Netherlands -Rotterdam Industrial Ecosystem
An Industrial Ecosystem (INES) Project was set up in 1992 in the western part of the Rotterdam Harbour area (Baas & Boons, 2007; Heeres, et al. 2004) . The project was initiated by the Europort / Botlek Interests industry association along with some eighty industrial members. The aim was to support the development and implementation of environmental management systems within single companies (Saikku, 2006) .
The project was developed in order to stimulate cleaner production approaches; to perform network analyses of the activities, material and energy streams and to develop an information infrastructure to facilitate the functioning of the industrial ecosystem in the area. Regional efficiency was achieved in the industrial area during the INES Mainportprogramme through a joint compressed air system developed for 17 companies in 2004 -by development of outsource of utilities as the core-business of service companies (Saikku, 2006; Li, et al. 2015) .
It has to be mentioned, that the author has chosen only a few of the growing number of examples of industrial symbiosis -limiting only to the European Union, but noteworthy examples of Canada, China and other countries are also showing high development trends, especially in terms of saving resources and emissions.
Latvian Examples
Currently Latvian industries are undertaking first initiatives within industrial symbiosis, although the initiatives as well as in the case of Kalundborg, are of bottom-up approach. The initiative was coming from the industries, not from the state level. It has to be noted that the symbiosis in place does not currently cover waste management field. Most developed symbiosis schemes are within the following industries:
− iron and steel industry and cement production -iron and steel production residues from a Latvian based company are being sent to a Lithuanian cement production and to a local Latvian cement production facility; − transfer of surplus heat into the district heating system; − use of timber production waste as bio-fossils within the same factory; − sale of grain dropout and whey to biogas facilities;
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39 − sending of brewery mash for livestock feed. Overall even this small number of examples shows that the industrial symbiosis issues are topical and the industries feel concern for waste minimisation and profit generation, by different options (i.e. saving on purchase of raw materials, waste disposal, finding solutions for their by-products, etc.).
IV. RESOURCE ASSESSMENT
In order to understand the resources available within industrial symbiosis as potential savers of raw materials, the author has developed a list of industries according to NACE classificatory and potential resources. Based on NACE classification, it can be assumed that most part of the waste is being generated within A, G, M, C, F sectors with number of entities ranging from 7000 up to over 30 000 (CSP data for 2012).
According to author's research, the main resources identified among the industries are:
− construction, demolition, excavation materials; − construction minerals; − electrical and electronic waste; − foodstuffs; − fuels; − glass and glass products; − industrial minerals; − industrial sludge; − materials from agriculture; − metals and metal products; − mineral waste oils; − municipal wastewater treatment sludge; − packaging; − organic and inorganic chemicals; − paper and paperboard; − plastics and plastic products; − products from livestock and fisheries; − sands from separation processes; − textile; − waste; − water; − wood and wood products.
Having analysed the potential resources that are currently classified as production outputs or waste, it is essential to understand where such resources can be applied. This is why the author stresses the necessity of developing working groups representing different industries. This will also lead to the increase of technogenic safety of each individual company engaged in industrial symbiosis.
V. TECHNOGENIC SAFETY OF A WASTE MANAGEMENT COMPANY
Currently waste management companies in Latvia that are operating a landfill come across a situation when waste or byproducts of their daily operations arise and are either misused or no application except for internal use of such resources can be found. The author wishes to go beyond such a situation, developing an industrial symbiosis model, which would make a landfill as a starting point for such an inter-industry cooperation in resource sharing. Fig. 1 . represents material flow within a landfill and reveals the resources that have a potential for application. From the figure it can be seen that a landfill has a wide range of outputs. It is understandable that waste arising from waste pre-treatment center will be directed to a cell for disposal; technical compost is currently used only within a landfill, although it can be used in road construction works (successful examples of Estonia) and basic greening works; RDF (refuse derived fuel) can be used in cement kilns, substituting fossil fuels -currently this application is not widely developed due to limited export possibilities, but can be changed in the nearest future); sorted waste is currently sold to recycling or reuse facilities and already generates profit; resources arising from chemical processes within a cell with disposed waste generate leachate, which after purification is stored on site and used for technical needs, but can be sold for other industries as technical water; landfill gas -a resource that is being currently evaluated as main landfill assetnowadays is being collected, purified and transformed into heat and electricity (the output process of this combustion results in 40 % of electricity and 46 % of heat production) -currently electricity is being sold back to the grid and the heat is mostly used for internal needs (domestic heating and water heating), although -this resource is quite misused, as it can be sold to other industries for heating and/or cooling purposes. CO2 on its own can also find a more effective application; and last, but not least resource analyzed within Fig. 1 . is remediated (recultivated) areas -which are currently not used but can be transformed into recreation areas for inhabitants, solar panel installation areas, etc.
Safety of Technogenic Environment
This preliminary analysis shows that a landfill that is always seen as a last stage within waste management process still offers a range of resources that can and have to be managed.
According to European Commission a sustainable industry equation can be expressed as follows: improved sustainability and resource efficiency = improved competitiveness = economic success and improved environment = improved quality of life (European Commission, 2011) .
Of course it has to be understood that improvement in sustainability and resource efficiency incurs costs. These costs will only be affordable as long as companies still perceive benefits to them.
When turning to more practical side of industrial symbiosis, it will be necessary to assess the environmental and economic benefits. Environmental benefit (EnvGij) can be assessed using the formula:
where Rij is the avoided recource consumption; Wij is the avoided waste emission due to the symbiotic activity; j is the type of resource or waste. Rij is the product of the resource substitution rate (Sij) and the quantity of reused/recycled materials (Mij). Wij is the quantity of the recycled waste j. Tij is the trade-off consumption (or waste generation) from the symbiosis. After undertaking this research, CO2 emission reduction (CRij) is further calculated.
where Cofj is the CO2 emission coefficient of the resources or waste j (Li, et al., 2015) . After calculating environmental ratios, the financial research has to be undertaken, as mentioned above, in order to assess if the planned industrial symbiosis activities will perceive benefits.
Capital costs are assumed to follow formula (5) for upscaling (Andersson et al., 2014) .
VI. CONCLUSION
One of the main conclusions drawn by the author based on current research is the topicality of the industrial symbiosis issue for any industry representative, especially for waste management companies, who are linked with landfill management.
The concept of industrial symbiosis is attractive to waste management companies, as alongside providing additional income and improving resource exploitation per capita such initiative has a direct impact on technogenic safety, minimizing harmful impact of waste.
Implementation of industrial symbiosis will ensure decrease of generated waste volumes. Besides, it will impact the decrease of CO2 emissions.
In order to understand whether it is economically effective and environmentally safe to implement industrial symbiosis, a more sophisticated economic assessment of such activities has to take place. The author plans to undertake a more in-depth research in industrial symbiosis, evaluating a potential of waste management companies to take part in the resource exchange process. The formulas provided within this research will be applied in the future work and modified in case it will be necessary. The results of the future work will be the assessment of possible links among the representatives of the industries. Moreover, economic evaluation of potential cooperation will be undertaken.
